When contemplating the learning of new skilled actions and behaviors, particularly those involved in athletic endeavors, practice is often believed to be the only determinate of improvement. Although repeatedly performing a new task often results in learning benefits, leading to the adage ''practice makes perfect,'' a collection of studies over the past decade has begun to change this concept. Instead, these reports suggest that after initial training, the human brain continues to learn in the absence of further practice, and that this delayed improvement develops during sleep. This article reviews these studies of what is now becoming known as sleep-dependent memory processing and focuses on the effects of sleep in the development of procedural skills.
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Definitions
Before interactions between sleep and memory can be discussed, what these terms represent and encompass must first be understood. The process of sleep, with its varied stages and equally diverse physiology and biology, has already Human memory is most commonly divided into declarative forms, subdivided into episodic and semantic, and nondeclarative forms, subdivided into an array of different types, including procedural memory required for learning skilled actions and movements. (B) Developing stages of memory. Following initial encoding/ acquisition of a memory, several ensuing stages are proposed, beginning with consolidation, and including integration of the memory representation, translocation of the representation, or erasure of the memory. Following later recall, the memory representation is believed to become unstable again, requiring periods of reconsolidation.
categories offer convenient and distinct divisions, they rarely operate in complete isolation and commonly work together to achieve cognitive goals.
Memory stages
Because memory is not monolithic, there is not one individual event that creates or develops it. Instead, memory appears to evolve in several unique stages over time (Fig. 1B) . Memories are initially formed or acquired by engaging with an object or performing an action, leading to the rapid formation (within seconds to minutes) of a memory representation within the brain. The most efficient time for actively encoding or acquiring memory representations occurs not in sleep, but while we are awake, during a state of focused perceptual attention to external stimuli and the conscious performance of motor output.
Following acquisition, the most commonly recognized next-stage of memory formation is consolidation. Classically, consolidation refers to a stabilizing process whereby a memory becomes increasingly resistant to interference from competing or disrupting factors over time (within hours to days) [3] . However, recent findings suggest that memory consolidation is more specifically determined by time spent in unique brain states, such as sleep and the different stages of sleep. Furthermore, these studies have begun to indicate that consolidation can result not only in stabilizing memories, but actually enhancing them across sleep [4] . Although this article focuses on consolidation and the enhancing effects that develop across sleep periods, several additional memory stages beyond consolidation are also proposed, although they are currently not as well understood (Fig. 1B) .
To summarize, human memory can be classified into a variety of forms, including procedural skill memory. Furthermore, the development of efficient and improved memory representations does not occur in a single step, but instead progresses through a number of distinct stages that appear to depend on the passage of time in specific brain states, such as sleep and its different stages.
Behavioral studies of sleep and memory
Sleep-dependent memory consolidation has been found in numerous species and across a range of memory systems. This article focuses on nondeclarative procedural skill memory in humans, spanning motor and sensory perceptual systems (eg, visual, auditory).
Motor learning and overnight sleep
Motor skills have been broadly classified into two forms: motor adaptation (eg, learning to use a computer mouse) and motor sequence learning (eg, learning a piano scale) [5] . However, real-life skilled procedures often involve combined use of these systems. An excellent illustration would be a pommel horse gymnastic routine. Not only is there a critical need to execute a series of hand and leg movements in a temporally correct sequential order (motor sequence learning) but these movements must adapt to each limb's speed and rotation at any given moment in time, compensating for the weight, velocity, and gravitational forces with which they are moving (motor adaptation learning). Clearly, these different forms of motor skill ability are equally essential in athletic performance, and therefore evidence describing sleep-dependent memory enhancement across these different motor skill forms should be considered.
Beginning with motor sequence learning, the authors have demonstrated that a night of sleep can trigger significant performance improvements in speed and accuracy of a sequential finger-tapping task [6] . In the first of a series of studies, subjects trained on the motor sequence task either at 10 am or 10 pm and then retested at subsequent intervals across 24 hours. Initial practice on the motor skill task significantly improved performance within the training session for all groups equally, regardless of time of day. However, subjects then demonstrated remarkably different time courses of subsequent motor skill improvement, specifically dependent on sleep. Subjects who were trained at 10 am in the morning showed no significant improvement when retested later that same day after 12 hours of wake time ( Fig. 2A) . However, when retested a second time the next morning following a night of sleep, they averaged a 20% improvement in speed and a 39% improvement in accuracy. In contrast, subjects trained at 10 pm in the evening immediately demonstrated equally large improvements the next morning following sleep, yet showed no significant additional improvement after another 12 hours of wake time later that day (Fig. 2B) . Thus, significant delayed learning without further practice was only seen across a night of sleep and not over an equivalent period of time awake, regardless of whether the time awake or time asleep came first.
An alternative explanation of these results, however, is that motor activity during the daytime interfered with memory consolidation, and thus sleep is simply a passive time of hand rest that allows for memory enhancement. To eliminate this possibility, an additional group of subjects were trained at 10 am, and then wore mittens for the duration of the waking interval to prevent skilled finger movements and the potential for interference before being retesting at 10 pm. Once again, the waking episode, even with total hand rest, conferred no significant improvement in performance, and actually led to a decrease in accuracy. However, when subjects returned following a night of sleep, large improvements in speed and accuracy were expressed again at retesting. Finally, when the degree of overnight learning was correlated with sleep-stage recordings, a significant positive correlation with the percentage of stage-2 non-rapid eye movement (NREM) sleep was evident, particularly in the last quarter of the night (eg, the last 2 hours of an 8-hour night of sleep) (Fig. 2C ). This window corresponds to a time when sleep spindles, which are a defining electrophysiologic characteristic of stage-2 NREM, reach peak density late in the night [7] . Spindles may trigger key intracellular mechanisms required for synaptic plasticity [8] , and are known to increase following training on a motor skill task [9] . As such, this late-night sleep, laden with spindles, may offer an ideal environment for triggering events that result in plastic brain changes leading to improved skill performance. Furthermore, this late-night correlation is of particular interest when considering optimal skill learning in athletes, suggesting that early morning awakenings may prevent maximization of learning potential by cutting short a critical sleep-consolidation time window.
Fischer et al [10] confirmed these findings of sleep-dependent motor-sequence learning using a similar task, although they reported a correlation with rapid eye movement (REM) sleep. They also demonstrated that if subjects were deprived of sleep the first night after training, and then allowed a night of recovery sleep before being retested, normal overnight consolidation improvements were blocked. This finding indicates that sleep on the first night following training is critical for the development of consolidation and delayed learning. From the perspective of motor-memory consolidation, it appears that one cannot accumulate a sleep debt and hope to repay it at a later time. Instead, the sleepdependent consolidation process critically depends on sleep within the first 24 hours after training.
In another study, the authors investigated the temporal evolution of motor learning before and after sleep, the effects of different training regimens, and the long-term development of motor learning across multiple nights of sleep [11] . These data demonstrate that doubling the duration of initial training does not alter or inhibit the amount of subsequent sleep-dependent learning. Furthermore, the data show that the amount of practice-dependent learning during initial training does not correlate with the amount of subsequent sleep-dependent sleep-dependent learning & plasticitylearning overnight, suggesting that these two stages (initial acquisition of the skill and the later sleep-dependent skill enhancement) are functionally distinct and regulated by different brain mechanisms. Finally, while the majority of sleep-dependent motor skill learning appears to occur during the first night of sleep, two additional nights of sleep trigger continued consolidation enhancement, with speed improving by 26% overall, and accuracy improving by nearly 50%.
Because most of the skills acquired throughout life are of a multi-limb and multi-digit nature, the authors studied the effects of increasing task complexity on sleep-dependent motor learning [12] . In this study, subjects trained on a variety of task configurations involving either a short or long motor sequence, coordinated between either one or two hands. The more complex the task became (depending on the combinations of these factors), the greater the overnight, sleepdependent memory enhancement. This indicates that as task difficulty increases, the overnight sleep-dependent process responds with even greater performance improvements, further emphasizing the importance of sleep in learning many real-life motor skill routines.
These findings alone, however, do not reveal how the sleep-dependent process triggered significant improvements in motor performance speed and accuracy. Therefore, a more detailed analysis focused on performance changes within these motor sequences [12] . Before sleep, individual key-press transitions within the sequence were uneven (Fig. 3A , clear circles), with some transitions seemingly easy (fast) and others problematic (slow), as if the entire sequence was being parsed into smaller subsequences during initial learning (a phenomenon Fig. 3 . Single-subject examples of changes in transition speeds. Within a five element motor sequence (eg, ''4-1-3-2-4''), there are four unique key press transitions: (1) from 4 to 1, (2) from 1 to 3, (3) from 3 to 2, and (4) from 2 to 4. (A) The transition profile at the end of training before sleep (o) demonstrated considerable variability, with certain transitions being particularly slow (most difficult; ''problem points''), whereas other transitions appear to be relatively rapid (easy). Following a night of sleep (.), there was a specific reduction (improvement) in the time required for the slowest problem point transition. (B) Similarly, at the end of training before a waking interval, transition profiles were uneven (o); with some particularly slow transitions (''problem points''), and other relatively fast transitions (easy). However, in contrast to postsleep changes, no change in transition profile was observed following 8 hours of wake (.).
termed chunking [13] ).After a night of sleep, the problematic slow transitions improved, whereas transitions that had already been effectively mastered before sleep did not change (see Fig. 3A , filled circles). In contrast, if subjects were retested after an 8-hour waking interval across the day, the authors observed no improvement in the profile of key-press transitions at any location within the sequence (Fig. 3B) . These changes suggest that the sleep-dependent consolidation process may involve the unification of smaller motor memory units into one single memory element by selectively improving problem regions of the sequence. This overnight process would therefore offer a greater degree of performance automation and effectively optimize skill speed throughout the entire motor program.
A recent study by Robertson et al [14] indicates that awareness of what is being learned can modify the sleep-dependent nature of delayed learning on a visuomotor sequence task. If subjects learn a motor sequence implicitly, that is, without conscious awareness because the sequence length exceeds the limits of explicit knowledge (eg, a particularly long 12-element motor sequence), then delayed learning improvements can develop across time awake in addition to during sleep. However, if subjects are explicitly aware of the sequence being learning, usually during shorter motor sequences, then delayed improvements again only develop across sleep, and this overnight learning correlates positively with NREM sleep. This suggests that an individual's level of awareness of what is being learned can modify the influence of wake and sleep. However, it remains unknown whether the improvements that develop implicitly across wake and sleep are achieved by similar or different underlying brain mechanisms.
Moving from motor sequence learning to motor adaptation learning, Smith and MacNeill [15] have shown that selective sleep deprivation impairs retention of a visuomotor adaptation task. All subjects trained on the task and were retested 1 week later. Some subjects were either completely or selectively deprived of different sleep stages across the first night following memory acquisition. Not all subjects retained the skill memory at the later retest session. Those subjects who were deprived of stage-2 NREM sleep expressed the most pronounced deficits in motor performance, again suggesting that stage-2 NREM is crucial to successful motor memory enhancement.
Huber et al [16] similarly demonstrated that following initial memory acquisition of a motor-reaching adaptation task, delayed learning is observed exclusively across a night of sleep, and not across equivalent periods awake. Furthermore, using high-density electroencephalography (EEG), they were able to show that daytime motor skill practice was accompanied by a discrete increase in the subsequent amount of NREM slow-wave EEG activity over the parietal cortex. They also demonstrated that this increase in slow-wave activity was proportional to the amount of delayed learning that developed overnight, and that the subjects who showed the greatest increase in slow-wave activity in the parietal cortex demonstrated the largest motor skill enhancements the next day.
In summary, these reports build a convincing argument in support of sleepdependent learning across several forms of motor skill memory. All of these studies indicate that a night of sleep triggers delayed learning, without the need for further training. In addition, overnight improvements consistently display a strong relationship to NREM sleep, and, in some cases, to specific NREM sleepstage windows at different times in the night.
Perceptual learning and overnight sleep
Often skilled performance is believed to involve only movement actions such as those described earlier. However, almost all of these motor actions are guided by other sensory perceptual systems, such as vision, hearing, and touch. Therefore, these systems also represent memory domains that play a significant role in skill perfection. Similar to motor skill studies, investigations of perceptual skill learning in the visual and auditory systems have offered support for the critical role of sleep in memory consolidation and associated learning enhancement.
In the visual system, Karni and colleagues [17] demonstrated that learning of a visual texture discrimination task (identifying different oriented line bars) improves significantly following a night of sleep. Furthermore, they established that selective disruption of REM, but not NREM, sleep results in a loss of these performance gains. Gais et al [18] selectively deprived subjects of early sleep, which is normally dominated by NREM slow-wave sleep (SWS), or late-night sleep, which is normally dominated by REM and stage-2 NREM, and concluded that consolidation enhancements on this task were initiated by NREM SWSrelated processes, whereas REM sleep promotes additional enhancement.
Using the same task, the authors have shown that these enhancements are specifically sleep-and not time-dependent, similar to the characteristics of motor skill learning [19] . Furthermore, overnight learning correlated positively with the amount of early-night SWS and late-night REM sleep, proposing a two-step process requiring the sequential contribution of these different sleep stages. In addition, it was established that obtaining less than 6 hours of sleep the night following training results in no significant overnight learning, and that total firstnight sleep deprivation, even when followed by two subsequent recovery nights of sleep, blocks normal sleep-dependent improvement [20] . Again these data not only highlight the importance of sleep in the evolution of delayed learning but also indicate that adequate sleep within the first 24 hours following memory acquisition is a requirement for subsequent sleep-dependent learning enhancement.
More recent studies have begun to explore sleep-dependent auditory skill learning. Gaab et al [21] used a pitch memory task to show that regardless of whether subjects train in the morning or evening, delayed performance improvements develop only across a subsequent night of sleep and not across similar waking time periods, regardless of whether the sleep episode comes first. Atienza and colleagues [22, 23] have also described evidence of time-and sleep-dependent auditory memory consolidation, together with sleep-dependent changes in brain-evoked response potentials. Although posttraining sleep deprivation did not prevent continued improvements in behavioral performance, changes in evoked responses that are normally associated with the automatic shift of attention to relevant stimuli failed to develop following a night of posttraining sleep deprivation. Finally, Fenn et al [24] have shown that periods of wake following training on a synthetic speech recognition task actually result in deterioration of task performance across the day; an impairment that was not simply a consequence of circadian test time. However, if subjects were retested following a subsequent night of sleep, performance was restored to posttraining levels, reflecting a process of sleep-dependent consolidation capable of rescuing and reestablishing previously learned auditory skills.
In summary, learning of perceptual skills, like motor skills, appears to depend on sleep for the development of delayed learning, with evidence that several different sleep stages may be involved in triggering this form of overnight consolidation.
Daytime naps and skill learning
Although the majority of sleep-dependent studies have investigated learning across a night of sleep, several reports have examined the benefits of daytime naps on perceptual and motor skill tasks.
Based on evidence that motor learning continues to develop overnight, the authors explored the influence of daytime naps using the sequential fingertapping task [25] . Two groups of subjects trained on the task in the morning. One group then obtained a 60-to 90-minute midday nap while the other group remained awake. When retested later that same day, subjects who experienced a 60-to 90-minute nap displayed a significant learning enhancement of nearly 16%, whereas subjects who did not nap failed to show any significant improvement in performance speed across the day (Fig. 4) . However, when subjects were retested a second time following a subsequent full night of sleep, those subjects in the nap group showed only an additional 7% overnight increase in speed, whereas subjects in the control group, who had not napped the previous day, displayed speed enhancements of nearly 24% following the night of sleep (see Fig. 4 ).
These results demonstrate that as little as 60 to 90 minutes of midday sleep is sufficient to produce significant improvements in motor skill performance, whereas equivalent periods of wake time produce no enhancement. These data also suggest that there may be a limit to how much sleep-dependent motor skill improvement can occur over 24 hours, and that napping changes the time course of when learning occurs but not how much total delayed learning ultimately accrues. Thus, although both groups improved by approximately the same total amount 24 hours later (see Fig. 4 ), the temporal evolution of this enhancement was modified by a daytime nap. These findings offer the exciting possibility that naps may protect motor skill memories against the detrimental effects of subsequent sleep deprivation [10] , suggesting a prophylactic strategy against learning deficits if overnight sleep loss can be predicted in advance.
As with motor skill learning, daytime naps also appear to benefit visual skill learning, although the characteristics of these effects are subtly different. Med-nick and colleagues [26] have shown that if a visual skill task is repeatedly administered across the day, performance does not improve or remain stable, but deteriorates. This may reflect a selective fatigue of brain regions recruited during task performance, a characteristic not observed in the motor system. However, if a short 30 to 60 minute daytime nap is introduced during these repeat administrations of the visual skill task, the performance deterioration is ameliorated. If a longer nap period is introduced that ranges from 60 to 90 minutes and contains REM sleep and NREM SWS, performance not only returns to baseline, but is enhanced [27] . Furthermore, these benefits did not prevent additional significant improvements across the following night of sleep, in contrast to findings reported earlier for a motor skill task.
These studies build a cohesive argument that daytime naps confer a robust learning benefit to visual and motor skills, and in the case of visual skill learning, are capable of restoring performance deterioration caused by repeated practice across the day. From the standpoint of athletic training regimens, it will be important to determine the optimal nap duration to generate maximal learning improvements and identify whether naps at different circadian times across the day (resulting in different sleep-stage compositions and electrophysiologic characteristics) are more or less effective at enhancing different forms of procedural skills. For example, delayed motor learning that develops across just a Fig. 4 . Daytime naps and motor skill learning. Subjects practiced the motor skill task in the morning, and either obtained a 60-to 90-minute midday nap, or remained awake across the first day. When retested later that same day, subjects who experienced a 60-to 90-minute nap ( f illed bar; ''Across Day'') displayed significant performance speed improvements of 16%, whereas subjects who did not nap showed no significant enhancements (clear bars; ''Across Day''). When retested a second time after a full night of sleep the next day, subjects in the nap group showed only an additional 7% increase in speed overnight ( f illed bar; ''Overnight''), whereas subjects in the control group expressed a significant 24% overnight improvement following sleep (clear bar; ''Overnight''). Therefore, 24 hours later, both groups averaged the same total amount of delayed learning ( f illed & clear bars; ''Total''). Asterisks indicate significant improvement and error bars indicate SEM. 60 to 90 minute nap (almost equivalent to a night of sleep) may be related to the distribution and incidence of sleep spindles at this time of day. Moreover, the efficacy of shorter naps (10-20 minutes) in triggering delayed skill learning, such as those often used when one cannot pay the price of sleep inertia (discussed by Lack et al elsewhere in this issue), have not yet been evaluated. Determining optimal nap duration represents an important future research goal, considering that immediate performance after awakening from longer sleep bouts ( N 60 minutes) can result in short-term performance impairments caused by transient sleep inertia, potentially masking sleep-dependent improvements.
Intermediate summary
Studies in humans demonstrate that sleep is necessary for consolidation and delayed-learning enhancement across a range of human procedural skills; is able to restore previously deteriorated task performance; and can trigger additional learning improvements without the need for added practice. Furthermore, different memory systems appear to require subtly different sleep stages, or even sleep-stage time windows, for consolidation and overnight improvement.
Sleep-dependent brain plasticity
Memory formation depends on a process termed brain plasticity, which is a lasting structural or functional change in the neural response to a stimulus, such as an experience. Evidence of sleep-dependent plasticity would greatly strengthen the claim that sleep is a critical mediator of memory consolidation. In the following section, the authors consider data describing sleep-dependent brain plasticity in humans, complementing the effects of sleep on behavioral performance.
Modification of post-training sleep and brain activation
Several studies have investigated whether initial daytime training is capable of modifying functional brain activation during later sleep episodes. Based on earlier studies involving animals, neuroimaging experiments have explored whether the signature pattern of brain activity elicited while practicing a memory task actually reemerges or is replayed during sleep. Using brain imaging, Maquet and colleagues [28] have shown that patterns of brain activity expressed during motor skill training reappear during subsequent REM sleep, whereas no change in REM sleep brain activity occurred in subjects who received no daytime training (Fig. 5) . Furthermore, these researchers demonstrated that the extent of learning during daytime practice exhibits a positive relationship to the amount of reactivation during REM sleep [29] . These find-ings suggest that simply experiencing the task is not what modifies subsequent sleep physiology, it is the process of learning itself. The function of sleepdependent replay may be to modify the strength of synaptic connections between neurons within specific brain networks, strengthening some synaptic connections while weakening others in the endeavor of refining skill memory.
Overnight reorganization of memory representations
An alternative approach to investigating sleep-dependent plasticity is to compare patterns of brain activation before and after a night of sleep. In contrast to measuring changes in functional activity during sleep, this approach aims to find evidence that the neural representation of a memory has been reorganized following a night of sleep.
Although the behavioral characteristics of sleep-dependent motor-sequence learning are now well established, the neural basis of this overnight learning is still unknown. Using a motor-sequence task, the authors recently explored differences between patterns of brain activation before and after sleep using func- tional magnetic resonance imaging (fMRI) [30] . Following a night of sleep, relative to an equivalent intervening period awake, the authors identified increased postsleep activation in motor control structures of the right primary motor cortex (Fig. 6A) and left cerebellum (Fig. 6B) -changes that likely allow faster motor output and more precise mapping of key-press movements. There were also regions of increased activation in the medial prefrontal lobe and hippocampus (Figs. 6C and 6D) , structures that support improved sequencing of motor movements in the correct order. In contrast, the authors identified decreased activity postsleep bilaterally in the parietal cortices (Fig. 6E) , possibly reflecting a reduced need for conscious spatial monitoring, and regions of signal decrease throughout the limbic system (Figs. 6F and 6G) , indicating a decreased emotional task burden. These results suggest that sleep-dependent motor learning is associated with a large-scale plastic reorganization of memory throughout several brain regions, allowing skilled motor movements to be executed more quickly, accurately, and automatically following sleep. Furthermore, these findings hold important implications for understanding the brain-basis for perfecting real-life skills, and may also signify a potential role for sleep in clinical rehabilitation following brain damage.
Maquet et al [31] also demonstrated sleep-dependent plasticity using a combined visuomotor adaptation task. Subjects trained on the task and then were retested 3 days later, with half the subjects deprived of sleep the first night following training. The remaining half, who slept all 3 nights, showed enhanced behavioral performance at retest and a selective increase in activation in the superior temporal sulcus, a region involved in the evaluation of complex motion patterns. In contrast, subjects deprived of sleep the first night showed no such enhancement of either performance or brain activity, indicating that sleep deprivation had interfered with a latent process of neural plasticity and consolidation.
Using the sleep-dependent visual texture discrimination task described previously, Schwartz et al [32] compared performance-related fMRI patterns of brain activity 24 hours after training, relative to a naRve, untrained condition. They observed significantly greater activation in the 24-hour posttraining condition in the primary visual cortex, suggesting that this functional area representing the visual memory had expended. However, these findings did not distinguish between changes that occurred during training, across posttraining wake time, or across a subsequent night of sleep.
Extending these findings, the authors examined regional brain activity patterns before and after sleep, following equivalent amounts of initial practice on this visual skill task [33] . Postsleep retesting was not only associated with significantly increased activity in the primary visual cortex but in several other visual processing regions following sleep, including at the occipital-temporal junction and in the medial temporal and inferior parietal lobes (regions involved in object detection and identification). In addition, decreased activity postsleep occurred in the right temporal pole, a region involved in emotional visual processing. These findings strengthen the claim that a night of sleep reorganizes the representation of a visual skill memory, with greater activation throughout the visual system following sleep perhaps offering improved identification of the visual stimulus form and its location in space.
Intermediate summary
Learning and memory are dependent on processes of brain plasticity, and sleep-dependent learning and memory consolidation must be mediated by such processes. Using brain-imaging techniques, several studies have now identified changes in the functional patterns of brain activity during posttraining sleep periods, and the reorganization of newly formed skill memories following a night of sleep. These plastic brain changes likely contribute to the refinement of the memory representation, resulting in improved next-day behavioral performance.
Summary and implications
Although the functions of the sleeping brain remain uncertain, rapidly increasing literature now supports the role of sleep in modifying and improving memory. These reports provide an abundance of converging evidence indicating that sleep-dependent mechanisms of neural plasticity lead to skill memory consolidation and consequently to delayed performance improvements. Different forms of simple and complex skill memory appear to require subtly different types of sleep for overnight memory enhancement, and several studies indicate that sleep within the first 24 hours following initial practice is essential for consolidation to develop. Furthermore, growing evidence indicates that naps can also confer a beneficial effect on skill memory, offering protection from performance deterioration and triggering memory enhancements similar to those observed across a normal night of sleep. Most recently, these findings of sleepdependent learning have been complimented by evidence of sleep-dependent plasticity within the human brain, offering a brain-based explanation for these overnight performance enhancements.
Key future research goals will be to (1) further characterize the range of sensory and motor skills that are dependent on sleep for delayed learning, (2) elucidate whether leaning concurrent skill sets involved in a single complex action (eg, learning motor adaptation and motor sequence programs simultaneously, such as in a common real-life sports scenario) either facilitates or modifies the characteristics of sleep-dependent learning, (3) determine optimal daytime nap and nighttime sleep durations for facilitating skill perfection, and how these may vary for different skill tasks, and (4) identify how much initial daytime practice should occur before an intervening sleep period is inserted, thereby developing the most optimal training routine to allow the fastest learning curve possible.
The implications for learning skilled movements and actions are considerable, and nowhere is this more important than in the learning of procedural memory required for athletic sports. It is not uncommon to train athletes consistently across the day, only to rouse them early the next morning for the purpose of further practice. Based on current evidence, however, such a regime would appear detrimental, and by curtailing sleep durations, one runs the risk of shortchanging the brain of sleep-dependent consolidation and plasticity. Instead, building sufficient sleep periods, or even daytime sleep epochs, into training programs may offer the biologically necessary periods of sleep required to maximize skill potential, advancing learning beyond that achieved during initial practice without the need for further task engagement. If efficient skill learning is the goal, long-held beliefs may need to be modified, and the realization made that it is practice, with sleep, that ultimately leads to perfection.
